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[57] ABSTRACT

In a multi-beam optical disk device in which a signal 1s
recorded on or reproduced from an optical disk by
means of a plurality of light beams, a tracking error
detecting apparatus is constructed such that the plural-
ity of light beams projected from an optical head are
made incident upon the optical disk and one of these
light beams is made incident upon a groove formed in
the optical disk and a first tracking error signal 1s de-
rived from the one light beam reflected by or transmit-
ted through the groove, and all the light beams are
made incident upon a groove formed in the optical disk
and a second tracking error signal is derived from all

the beams reflected by or transmitted through the
groove. '

4 Claims, 10 Drawing Sheets
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1

TRACKING ERROR DETECTING APPARATUS
FOR USE IN MULTIBEAM OPTICAL DISK
DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to a tracking error de-
tecting apparatus for use in a multi-beam optical disk
device in which signals are recorded or reproduced by
using a plurality of beam spots.

In an optical disk device, a record track on an optical
disk is traced with the aid of a light beam spot by mov-
ing an optical head in a radial direction of the disk while
the optical disk is rotated. In order to trace the record
track correctly by the light beam, the tracking control
and focusing control are effected.

The tracking control has been carried out by various
methods, and a typical push-pull method (sometimes
called far field method) will be explained. As shown in
FIG. 1a, FIG. 15 and FIG. 1¢, in a surface of an optical
disk 1 there are formed grooves 2, and a light beam spot
is projected on the disk surface by means of an objective
lens 3. A distribution of the intensity of light reflected
by the disk 1 is shown by P. FIG. 2 illustrates the con-
struction of a tracking error detecting circuit in which
output signals from two-divided photodiode 4 having
two elements 4a and 4b are supplied to a differential
amplifier § which then produces a tracking error signal
T.

Upon the two elements 4a and 45 of the two-divided
photodiode 4 is made incident a light spot S of the light
beam reflected from the disk. FIG. 16 shows the case in

which the tracking is correctly attained, and intensity of

light spot S formed on each of the elements 4a and 45 is
equal to each other. Therefore, the tracking error signal
T generated by the differential amplifier 5 1s zero.

FIG. 1a and FIG. 1c¢ depict the cases in which the
tracking is not correctly attained, and the center of the
light beam spot is deviated from the center of the
groove 2. In this case the intensities of the light spot S
reflected from the optical disk 1 and impinging upon the
elements 4¢ and 40 are not identical with each other.
Therefore, the differential amplifier § generates the
tracking error signal T having positive or negative po-
larity and the tracking error signal T thus obtained 1s
used to perform the tracking control.

The focusing control has been effected in vanous
methods. In FIG. 3, the light reflected by the optical
disk 1 is made incident upon a photo detector 8 by
means of the objective lens 3 and cylindrical lens 7. The
photo detector 8 is divided into four light receiving
elements 8a, 85, 8¢ and 84 as illustrated 1in FI1G. 4. Out-
put signals Ia, Ib, Ic and Id generated from the elements
84, 8), 8¢ and 84, respectively are added by adders and
then are supplied to a differential amplifier 9 to derive a
focusing error signal F=(Ia+1b)—(Ic+1d).

When the optical disk 1 is in the in-focus position, the
light beam reflected by the optical disk 1 forms a circu-
lar light beam spot S on the light receiving element 8 as
shown in FIG. 5b, so that the focusing error signal F
becomes zero. However, when the optical disk 1 1s 1n
the out-of-focus position, the reflected light beam spot S
having a shape shown in FIG. 5a or FIG. 5c¢ is formed
on the light receiving element 8, and thus the focusing
error signal F having positive or negative polarity i1s
generated. The objective lens 3 1s moved by the auto-
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matic focusing control mechanism to attain the correct
focus condition.

FIG. 6 is a view showing a whole construction of the
above mentioned tracking control and focusing control.
In the focusing control system, the focusing error signal
F generated by the differential amplifier 9 is amplified
by an amplifier 10z and then is supplied to a lens driving
mechanism 11 which moves the objective lens 3. In the
tracking control system, the tracking error signal pro-
duced by the differential amplifier § is supplied via an
amplifier 105 to a lens driving mechanism 117 to move
the objective lens 3. J1 denotes a slider signal for access-
ing a desired track, and when the optical head is moved
in the radial direction to access a desired track, the
slider signal is supplied via a driving amplifier 10c to a
slider 12. To this end the optical head is placed on rol-
lers 13. The driving amplifiers 10z and 105 have a fre-
quency range of several tens k Hz to effect the fine
tracking control, while the driving amplifier 10c has a
frequency range of several k Hz to effect the coarse
tracking control. A switch 14 is provided to select el-
ther the slider signal for retrieval J1 or the tracking
signal T, and a switch 15 is provided for selecting one of
the tracking signal T and a track jump signal J2.

In order to access a given track on the optical disk by
moving the optical head over a long distance, the
switch 14 is connected to J1 side and the tracking con-
trol system is disconnected. By means of the slider sig-
nal J1, the slider 12 is accelerated into a given direction
for a given time period and then 1s decelerated. Next the
switch 15 is switched into the side of the track jump
signal J2 and the light spot is jumped over one track by
supplying a pulse current. An address signal recorded in
a track is checked to derive the number of tracks over
which the light spot has to be jumped until a desired
track is accessed, and the track jump is repeated by the
detected number of times. After the desired track has
been accessed, the switches 14 and 15 are driven into
the side of the differential amplifier §, and then the usual
tracking control is carried out with the aid of the track-
ing error signal T. |

In a multi-beam optical disk device in which a plural-
ity of light beams are projected from a single optical
head and a plurality of tracks are simultaneously re-
corded or reproduced in order to increase the data
transfer rate, it is also possible to derive the focusing
error signal F and tracking error signal T by similar
methods to those explained above.

In order to effect the track jump accurately each time
the track access 1s to be performed in the multi-beam
optical disk device, 1t is necessary to denive tracking
error signals for respective light beam spots. For in-
stance, a tracking error detecting circuit of the push-
pull method shown in FIG. 7¢ and FIG. 76 may be
used. In FIG. 7a, the two-divided photodiode 4 illus-
trated in FIG. 2 is used for the four light beams, and in
FIG. 7b, a plurality of two-divided photodiodes 4 are

used. The function of the device shown 1n FIG. 7b is

substantially same as that of the device depicted in FIG.
7a. A reference numeral 16 denotes an adder.

In the push-pull method, a difference in intensity of
first order interference light in the perpendicular direc-
tion to the track direction due to the groove 2 of the
optical disk 1 is detected, so that a signal similar to the
tracking error signal is derived even when the objective
lens 3 is shifted in the tracking direction with respect to
the optical axis and when the optical disk is inclined.
Therefore, the zero point of the tracking error signal is
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shifted to produce the tracking off-set. That is a fault of
the push-pull method. Although the tracking error sig-
nal is obtained from a predetermined single light beam,
the tracking off-set signal is increased by n times as
compared with the tracking off-set which is obtained by
a signal light beam, wherein n is the number of light
beams which are used simultaneously. In practice, there
1s obtained a signal which is a mixture of the tracking
error signal and the tracking off-set signal and it is diffi-
cult to extract only the tracking error signal.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
tracking error detecting apparatus for use in the multi-
beam optical disk device in which the recording or
reproducing is carried out for a plurality of record
tracks with the aid of a plurality of light beams pro-
jected by an optical head.

According to the invention a predetermined light
beam among a plurality of light beams is selectively
made incident upon a groove and the tracking error
signal is derived by processing said predetermined light
beam reflected by or transmitted through the optical
disk while the generation of the tracking off-set can be
avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a, 1b, 1c and FIG. 2 are explanatory views for
explaining the tracking control of the push-pull method;

FIGS. 3, 4, 5a, 5b and 5c¢ are explanatory views for
explaining the focusing control using a four-divided
photodiode;

FIG. 6 is a view showing a whole construction of
tracking control and focusing control.

FI1G. 7a and FIG. 76 show the electrical construction
of a tracking error detecting circuit of multi-beam push-
pull method; and

FIGS. 8 to 13b are views for explaining embodiments
of the tracking error detecting apparatus for using the
multi-beam optical disk device according to the inven-
tion, in which:

FIG. 8 1s a perspective cross sectional view showing
the optical disk; |

FIG. 9a shows the construction of the optical system
of a first embodiment;

FIG. 94 1s a circuit diagram of the first embodiment;

FIG. 9¢ is an explanatory view representing the func-
tion of the pin hole;

FIG. 94 and FIG. 9¢ are waveforms of the tracking
error signal;

FIG. 10) depicts the construction of the optical sys-
tem of a second embodiment:

FIG. 10a is an explanatory view for explaining the
function of the critical angle prism;

FIGS. 11a and FIG. 11¢ show the construction of the
optical system of a third embodiment;

FIG. 115 is a circuit diagram of the third embodi-
ment; |

FIG. 12a shows the optical system of a fourth em-
bodiment; |

F1G. 12b1s a circuit diagram of a fourth embodiment;

FIG. 134 1s a schematic view showing the optical
construction of a fifth embodiment; and

F1G. 135 is a circuit diagram illustrating the electrical
construction of the fifth embodiment.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be explained in detail with
reference to embodiments illustrated in figures succeed-
ing FIG. 8.

FIG. 8 is an explanatory figure for explaining the
embodiments commonly. An optical disk 21 comprises
transparent substrate 21a, record medium 215 and pro-
tection layer 21c. In the transparent substrate 21a there

are formed grooves 21d, and on the substrate are ap-
plied the record medium 215 and protection layer 2lc.

A portion of the record medium except for the grooves
214 is called the land 21e, and a reference numeral 21/
denotes center lines of record tracks. Further reference
characters A, B, C and D represent light beam spots
which are projected from the lower surface of the opti-
cal disk 21. One light beam spot B selected among the
four light beam spots A to D is made incident upon the
groove 21d. That is to say, among the four light beam
spots A to D the light beam spot B which is closest to
the optical axis of the optical system is made incident
upon the groove 214d. Since the focusing error detection
1s liable to be affected by the distortion of the optical
system, the light beam spot B closest tot he optical axis
is used for the deviation, said light beam spot B being
affected by the distortion to the least extent.

FIG. 9a shows a first embodiment in which the light
beam B for detecting the focusing and tracking errors is
separated from the remaining light beam spots A, C and
D with the aid of a pin hole. FIG. 9ag shows the optical
system in which between the optical disk 21 and a laser
array 22 for producing four light beams are arranged
collimator lens 23, half mirror 24 and objective lens 25
in this order. In an optical path of a hight beam reflected
by the half mirror 24 are arranged half mirror 26, con-
denser lens 27, pin hole plate 28 condenser lenses 29, 30
cylindrical lens 31 and four-divided photodiode 32. In
an optical path of a light beam reflected by the half
mirror 26 are arranged condenser lens 33 and two-
divided photodiode 34.

FI1G. 9b depicts the electrical construction, and the
four-divided photodiode 32 is divided into four ele-
ments 32a, 32b, 32¢ and 324. Output of these elements
are connected to adders 35q, 355, 35¢ and 354, and
outputs of these adders are connected to differential
amplifiers 36a and 36b. The differential amplifier 36a
produces the focusing error signal I and the differential
amplifier 360 produces the tracking error signal Tl
which is supplied to a switch 37. The two-divided pho-
todiode 34 is divided 1into two elements 34cg and 345
whose outputs are connected to a differential amplifier
36¢c and an output of this differential amplifier is con-
nected to the switch 37. Then the switch 37 serves to
select one of the output signals of the differential ampli-
fiers 365 and 36c.

The four light beam spots A, B, C and D reflected by
the optical disk 21 are reflected by the half mirror 24,

‘transmitted through the half mirror 26 and then are

converged by the condenser lens 27. Since there is pro-
vided the pin hole plate 28, the beam spots A, C and D
are shielded thereby, and only the beam spot B is trans-
mitted through the pin hole plate 28 as shown in FIG.
9c. The beam spot B 1s then made incident upon the
four-divided photodiode 32 by means of the condenser
Jenses 29, 30 and cylindrical lens 31. The four-divided
photodiode 32 has the similar function to that explained
with reference to FIG. 3 to FIG. 8, and the focusing
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error signal F can be obtained by deriving a difference
between the output signals of the adders 35¢ and 35b by
the differential amplifier 36a. Further the tracking error
signal T1 similar to that explained above with reference
to FIG. 1 and FIG. 8 can be obtained by deriving a
difference by the differential amplifier 366 between the
output signals of the adders 35¢ and 354.

A part of the light reflected by the optical disk 21 1s
reflected by the half mirrors 24, 26 and is made incident
upon the two-divided photodiode 34 by means of the
condenser lens 33. As shown in FIG. 74, the two-
divided photodiode 34 operates as the tracking error

10

detector of the push-pull method for the multi-beam

optical disk device. As explained above with reference
to FIG. 7, the zero point of the tracking error signal T2
produced by the differential amplifier 36¢ is shifted due
to the inclination of the optical disk 21, so that it does
not represent the true tracking error. In order to effect
the track jump and track access precisely, 1t 1s necessary
to obtain the tracking error signal accurately for respec-
tive tracks, because it is practically difficult to effect the
track jump for a set of four tracks. To this end the beam
spots A, B, C and D are projected by turns on the
groove 21d to derive the tracking error signal by the
two-divided photodiode 34. At first, the switch 37 1s
connected to the side of the differential amplifier 36¢ so
that the beam spot B can trace a given track. Then the
switch 37 is changed into the side of the differential
amplifier 364 and the recording, reproducing or erasing
operation is carried out.

FIG. 94 depicts the tracking error signal T2 which 1s
obtained when the switch 37 is connected to the side of
the differential amplifier 36¢ to effect the track jump or
track access. Since the beam spots A, B, C and D are
obtained by the light beams which are projected on the
groove 21d successively, there are produced the track-
 ing error signals for respective beam spots A to D.

FIG. 9¢ represents the tracking error signal T1 which
is produced when the switch 37 is connected to the side
of the differential amplifier 360 to effect the recording,
reproducing or erasing. The tracking error signal 1s
obtained only by the beam spot B of the light beam
which is projected on the groove 21d.

FIGS. 10a and 105 illustrate a second embodiment 1n
which only the beam spot B is used for detecting the
focusing error and tracking error, and the remaining
beam spots A, C and D are removed by means of a
critical angle prism 38. FIG. 102 shows the optical
construction using two critical angle prisms 38a and 385
instead of the condenser lens 27, pin hole plate 28 and
condenser lens 29 shown in FIG. 9a. FIG. 10b 1s an
explanatory view for explaining the function of the
critical angle prism 38. It should be noted that the elec-
trical construction of the second embodiment is the
same as the first embodiment shown in F1G. 95. Due to
the function of the critical angle prisms, the critical
angle prisms 38z and 395 extract only the light beam
spot B among the light beam spots A to D and the
extracted beam spot B is made incident upon the four-
divided photodiode 32 by means of the condenser lens
30 and cylindrical lens 31. Then there are obtained the
focusing error signal F and two tracking error signals
T1 and T2 in the similar manner to that of the embodi-
ment shown in FIG. 9b. |

In the second embodiment, the tracking error detect-
ing beam spot and the focusing error detecting beam
spot are commonly formed by the same beam spot, and
the photodiode for detecting the tracking error signal
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and the photodiode for detecting the focusing error
signal are also commonly formed by the same photodi-
ode.

FIGS. 11q, 11b and 11c show a third embodiment in
which only the beam spot B among the four beam spots
A to D is used to detect the focusing error and tracking
error and the four-divided photodiode 32 is formed to
be sufficiently small for being illuminated only by the
beam spot B. As illustrated in FIG. 11a the condenser
lens 27, pin hole plate 28 and condenser lens 29 shown
in FIG. 94 are all removed, and the size of the elements
32a to 32d of the four-divided photodiode 32 is small
with respect to the beam spots A to D as depicted in
FIG. 11b. It should be noted that the construction
shown in FIG. 11g may be altered in a manner illus-
trated in FIG. 1lc.

In the third embodiment explained above, the same
beam spot B is used as both the tracking error detecting
beam spot and focusing error detecting beam spot, and
the tracking error detecting photodiode and focusing
error detecting photodiode are commonly formed by
the same photodiode.

FIGS. 12¢ and 126 show a fourth embodiment in
which only the beam spot C among the four beam spots
A to D is used as the focusing error detection and the
beam spot C is divided into two beam spots at a point
before the four-divided photodiode 32, and one of
which is made incident upon a first two-divided photo-
diode 34 and the other of which is made incident upon
a second two-divided photodiode 41. As illustrated in
FIG. 124, between the half mirror 26 and the condenser
lens 30 is arranged a half mirror 39 and in an optical
path of a light beam reflected by the half mirror 39 are
arranged condenser lens 40 and two-divided photodi-
ode 41.

FIG. 12b depicts the electrical construction in which
output signals from the four-divided photodiode 32 are
processed by the adders 35q, 356 and differential ampli-
fier 36a to derive the focusing error signal F similar to
that shown in FIG. 4. Output signals from elements 41a
and 415 of the two-divided photodiode are supplied to
a differential amplifier 36d which produces the tracking
error signal T1 similar to that explained in connection
with FIG. 8. One of the tracking error signal T1 and
tracking error signal T2 produced by the differential
amplifier 36¢ is selected by the switch 37.

In the first, second and third embodiments shown in
FIGS. 9, 10 and 11, respectively, both the tracking
error and focusing error are detected by commonly
using the same beam spot and the same photodiode, so
that the precision of the error detection is somewhat
decreased due to the mutual interference. However, in
the fourth embodiment illustrated in FIG. 12 the track-
ing error is detected by using the beam spot B and two-
divided photodiode 41 and the focusing error is de-
tected by using the beam spot C and four-divided pho-
todiode 32, so that the tracking control and focusing

control can be performed accurately without being

affected by the mutual interference.

Similar to the first embodiment, upon effecting the
track jump or track access, the switch 37 is first con-
nected to the side of the differenttal amplifier 36¢ and
after a given track has been accessed the switch 37 i1s
changed into the side of the differential amplifier 364 to
effect the recording, reproducing or erasing.

FIGS. 13a and 13b depict a fifth embodiment in
which among the four beam spots A to D the beam spot
B is selectively used for detecting the tracking error and
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the beam spot C is used to detect the focusing error, and

the beam spot B is projected on the groove in the opti-
cal disk 21. The optical construction shown in FIG. 134
1s substantially same as that illustrated in FIG. 11a, but
the light flux transmitted through the half mirror 26,
condenser lens 30 and cylindrical lens 31 is made inci-
dent upon the four-divided photodiode 32 and two-
divided photodiode 42. It should be noted that these
photodiodes 32 and 42 are integrally formed with each

other and are arranged in the direction of the array of 1g

the four beam spots A to D as shown in FIG. 134. The
four-divided photodiode 32 and two-divided photodi-
ode 42 are formed by relatively small photodiodes so
that only the light beam spots B and C are made inci-
dent upon these photodiodes 32 and 42, respectively.

As explained with reference to the previous embodi-
ments, output signals of the four-divided photodiode 32
are processed by the adders 354, 356 and differential
amplifier 36a to derive the focusing error signal F. Out-
put signals from the elements 42a and 425 of the two-
divided photodiode 42 are supplied to the differential
amplifier 36¢ to produce the tracking error signal T1,
and output signals from the two-divided photodiode 34
are supplied to the differential amplifier 36¢ to derive
the tracking error signal T2 simlar to that explained
above in connection with FIG. 9. One of these tracking
error signals T1 and T2 is selected by the switch 37.

In the fifth embodiment illustrated in FIG. 13, the
four-divided photodiode 32 for detecting the focusing
error and the two-divided photodiode 42 for detecting
the tracking error are integrally formed, but they are
electrically separated from each other, so that the mu-
tual interference can be removed. Therefore, the track-
ing control and focusing control can be performed pre-
cisely.

Similar to the first embodiment shown in FIG. 9,
when the track jump or track access is to be effected,
the switch 37 1s first connected to the side of the differ-
ential amplifier 36c and after a given track has been
accessed, the switch 37 is changed into the side of the
differential amplifier 36e to perform the recording, re-
producing or erasing. |

As explained above in the first to third embodiments
the single beam spot is extracted from a plurality of
beam spots by means of the pin hole plate and crystal
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angle prisms or by using the four-divided photodiode 43

having a small area and the tracking error and focusing
error can be detected without being affected by the
remaining beam spots.

In the first to third embodiments, among a plurality of
beams the single beam situated on the optical axis or
nearest to the optical axis of the optical system is pro-
jected upon the groove in the optical disk 21, and the
hght beam transmitted through or reflected by the
groove 1s processed to derive the focusing error signal
F and tracking error signal T. Then the tracking off-set
can be reduced by n times and the accurate tracking
control can be performed. Further the focusing error
detecting photodiode and tracking error detecting pho-
todiode are commonly formed by the same photodiode,
so that the number of parts can be decreased and the
cost can be reduced.

When the focusing error detecting photodiode and
tracking error detecting photodiode are commonly
formed by the same photodiode, the focusing error
detection and tracking error detection are mutually
influenced and the precision of the error detection
might be decreased to a small extent. In the fourth em-
bodiment these photodiodes are formed by separate
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photodiodes, so that both the tracking control and fo-
cusing control can be performed accurately.

In the fifth embodiment, two beams nearest to the
optical axis of the optical system are selected, and one of
these beams is used to detect the tracking error and the
other beam spot is used to detect the focusing error. The
beam spot for detecting the tracking error is made inci-
dent upon the groove formed in the optical disk. The
focusing error detecting photodiode and tracking error
detecting photodiode are formed by separate photodi-
odes arranged integrally with each other, so that the
mutual influence can be avoided and the tracking con-
trol and focusing control can be performed accurately.

Further when the tracking error detection signal
according to the invention and the tracking error detec-
tion signal obtained by the known push-pull method in
which n light beams are made incident upon the two-
divided photodiode are selectively used, tracking error
upon the track jump and track access can be reduced.

As explained above, the tracking error detecting
apparatus for use in maulti-beam optical disk device
according to the invention can remove the drawbacks
of the conventional apparatus in which all of n light
beams reflected by the optical disk are used to detect
the tracking error, so that the tracking error detection is
largely affected by the shift of the objective lens in the
tracking direction with respect to the optical axis and
the tracking off-set is increased by n times due to the
inclination of the surface of the optical disk.

We claim: |

1. A tracking error detecting apparatus for use in a
multi-beam optical beam device comprising:

an optical means for deriving a plurality of light
beams emanating from an optical disk having
grooves;

a first tracking error detecting means including a first
photoelectric converting element having at least
two light receiving regions for receiving a single
light beam incident thereto selected from said plu-
rality of light beams derived from said optical
means and a first circuit means for processing out-
put signals from said first photoelectric converting
element to produce a first tracking error signal;

a second tracking error detecting means including a
second photoelectric converting element having
two light receiving regions for receiving all of said
plurality of light beams derived by said optical
means arranged incident thereto and a second cir-
cuit means for processing output signals from said
second photoelectric converting element to pro-
duce a second tracking error signal; and

a switching means for receiving said first and second
tracking error signals and selectively supplying
said first tracking error signal during recording and
reproducing and said second tracking error signal
during a track jump.

2. An apparatus according to claim 1, wherein said

first tracking error detecting means further comprising

a light beam selecting optical clement for selecting,

among said plurality of light beams derived from said
optical beams, a light beam which is nearest to an opti-
cal axis of said optical means as said signal light beam.
3. An apparatus according to claim 2, wherein said
light beam selecting optical element is a pin hole.
4. An apparatus according to claim 2, wherein said
light beam selecting optical element by a critical angle

prism.
X % = * X%
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